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IMMUNOLOGICAL  STUDY  OF  THE  O-ANTIGENS 
OF  STREPTOMYCIN-DEPENDENT  MUTANTS 
OF  SALMONELLA 

L.  S.  Yedvabnaya,  Ye.  S.  Stanislavskiy 
and  V.  V.  Sergeyev 

Moscow  Institute  of  Vaccines  and 
Sera  iraeni  Mechnikova 

(Submitted  6 April  1970) 

In  recent  years  attempts  have  been  undertaken  to  use 
streptomycin-dependent  mutants  of  enterobacteria  for  the  prepara- 
tion of  live  vaccines.  It  was  shown  that  such  mutants  of  Shigella 
and  Salmonella  are  weakly  virulent  for  laboratory  animals  and 
stimulate  a high  level  of  specific  protection  (Mel  et  al.  , 1965; 
Sergeyev  et  al.,  1967;  Mikhaylov  et  al.,  1968).  In  connection 
with  this  the  need  appears  for  a study  of  the  antigenic  composi- 
tion and  comparison  of  the  data  of  anuigenic  analysis  with 
virulence  and  the  protective  activity  of  such  mutants. 

In  a preceding  work  (Yedvabnaya  et  al . , 1969)  It  was  shown 
that  the  streptomycin-dependent  mutant  S.  enteritidis  921/3  did  not 
synthesize  the  sugars  of  the  determinant  groups  of  0-antigen  - the 
antigen  complex  consisted  basically  of  base  structure  (Luderitz 
et  al.,  1966).  During  the  further  study  of  O-antigens  of  different 
genetically  related  variants  streptomycin-dependent  mutants  of  S. 
enteritidis  It  was  shown  that  in  the  structure  of  their  O-antigens 
there  is  a defect  which  in  separate  mutants  Is  expressed  to  a 
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different  degree.  Thus  in  some  mutants,  according  to  paper  chro- 
matography, the  O-antigen  lacks  tyvelose,  in  others  - tyvelose  and 
rhamnose,  in  the  third  - additionally  mannose.  There  is  doubtless 
interest  in  the  immunological  analysis  of  the  indicated  mutants. 

For  study  we  selected  2 mutants:  in  one  of  them  (921/3)  the 

defect  in  the  structure  of  the  O-antigen  was  expressed  considerably 
(there  was  no  tyvelose,  rhamnose  and  mannose),  in  the  other 
(921/2)  - in  the  polysaccharide  component  only  tyvelose  was  not 
revealed.  Mutant  921/3  was  isolated  in  1966,  and  for  3 years  it 
was  reinoculated  on  media  with  streptomycin.  Mutant  921/2  was 
isolated  in  1969. 

In  the  work  the  established  goal  was  to  study  the  immune 
response  in  respect  to  O-antigens,  defective  in  the  structure  of 
the  polysaccharide  component,  to  determine  their  activity  in  the 
test  of  passive  skin  anaphylaxis,  and  also  to  determine  the 
toxicity  of  the  lipopolysaccharides  isolated  from  streptomycin- 
dependent  mutants  of  S. enteritidis . 

Both  mutants  were  found  in  the  S-form,  they  were  weakly 

virulent  for  rats  (LDnr,  more  than  4*10^  cells)  and  mice  (LDcri 

bd  bu 

strain  921/3  - 10^,  strain  921/2  - 7*1013  cells). 

The  O-antigen  of  mutant  921/3  in  the  reaction  of  passive 
hemagglutination  did  not  react  with  09-  and  012-antisera,  but 
reacted  with  polyvalent  salmonellose  serum.  The  Q-antigen  of 
mutant  921/2  reacted  with  09-antiserum  just  as  the  initial  0- 
antigen.  From  the  cells  of  mutants,  and  also  initial  virulent 
strain  No.  921  the  lipopolysaccharides  were  extracted  by  the  method 
of  Westphal  et  al . (1952). 

Dynamics  of  the  immune  response  were  studied  in  rats  of  the 
August  line  and  mice  of  line  BALB/c . The  animals  were  immunized 
with  heated  vaccine  (heating  of  the  culture  of  the  initial  strain 
Mo.  921  at  60°  for  an  hour  and  the  addition  of  merthiolate  to 
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1:10,000),  with  the  live  cells  of  mutants  or  with  the  cell  walls 
of  the  corresponding  strains.  The  sera  of  the  immunized  animals 
were  fractionated  on  a column  with  Sefadex  gel  G-200  for  differ- 
entiation of  IgM-  and  IgG-antibodi ea . A 3*90  cm  column  was  used. 
The  titers  of  O-antibodies  in  the  serum  and  fractions  were  deter- 
mined with  the  help  of  the  reaction  of  passive  hemagglutination, 
using  sheep  erythrocytes  sensitized  with  activated  lipopoly- 
saccharide. 

The  activity  of  antibodies  (A)  in  the  fractions  (in  each  test 
tube  of  eluate)  was  estimated  according  to  the  initial  activity, 
referred  to  a unit  of  concentration  of  protein  (E  in  mg/m l) . 

After  some  conversions  the  following  formula  was  derived: 


__  ~n 

A= _ 

E s 
hsh 


where  n - number  of  dilutions  with  double  step,  E - the  initial 
concentration  of  protein  in  a fraction,  determined  on  a calibra- 
tion curve. 


Passive  skin  anaphylaxis  was  studied  in  experiments  on  guinea 
pigs  250-400  g in  weight.  The  animals  were  given  intracutaneously 
0.05  m l of  antiserum  to  the  corresponding  O-antigens  and  in  20-24 
hours  - intravenously  a solution  of  lipopolysaccharide  in  a 0.25% 
solution  of  Evans'  bluing.  The  toxicity  of  the  isolated  lipopoly- 
saccharides  was  determined  in  experiments  on  mice  using  the 
standard  method. 


For  the  purpose  of  studying  the  immune  response  into  the 

g 

cushions  of  the  extremities  of  rats  4*10  cells  of  mutant  921/2  or 
921/3  or  of  heated  vaccine  was  introduced  doubly.  The  interval 
between  immunizations  was  2 weeks.  In  each  group  there  were  10 
animals.  Sera  from  each  individual  were  investigated,  and  for 
fractionation  a mixture  of  sera  from  5-10  animals  was  used.  The 
dynamics  of  formation  of  antibodies  was  observed  for  30  days  after 
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the  double  immunization.  After  the  single  immunization  in  the 
blood  of  rats  antibodies  to  the  Q-antigen  of  the  initial  strain 
were  revealed  in  dilutions  of  1:40-1:320  and  to  the  0-antigen  of 
mutants  - in  dilutions  of  1:10-1:80.  The  secondary  immunization 
stimulated  the  synthesis  of  0-antibod.ies  according  to  the  secondary 
type . 


The  analysis  of  serological  activity  of  the  19S  ana  73- 
fractions  of  serum  of  singly  and  doubly  immunized  rats  showed  the 
following.  On  the  7th  day  (maximum  of  antibodies)  after  2 immuni- 
zations with  the  initial  strain  the  activity  of  antibodies  was 
localized  in  the  19S-fraction,  and  after  the  second  immunization 
with  the  mutant  921/3  - in  the  7S-fraetion  (see  the  figure).  After 
a single  immunization  with  the  initial  strain  on  the  7th  day  0- 
antibodies  were  also  detected  in  the  19S-fraction . After  a single 
immunization  with  mutant  921/3  in  the  serum  of  rats  the  level  of 
O-antibodies  was  very  low,  therefore  in  the  fractions  the  anti- 
bodies were  not  exposed  in  view  of  the  significant  dilution  of 
serum  in  the  process  of  gel  filtration. 

The  immunization  of  rats  with  mutant  2-1/2  stimulated  the 
synthesis  of  O-antibodies,  the  dynamics  of  formation  of  which  was 
very  nearly  the  same  as  during  immunization  with  the  initial  strain. 

F:r  tie  purpose  of  a more  detailed  immunological  study  of 
the  defective  G-anticen  of  mutant  921/3  the  rats  were  initially 
immunized  with  the  heated  vaccine  (strain  Ho.  921),  and  for  the 
second  time  - with  the  m Jtar.t , and  vice  vers"'.  It  turned  out 
(see  the  table)  tha«  if  Initially  the  rats  were  immunized  with 
the  Initial  strain  No.  921,  and  for  the  second  time  - with  mutant 
521/3,  the  antibodies  to  normal  Q-antigen  were  exposed  in  the 
19S-f raction , and  the  antibodies  to  O-antigen  921/3  were  not 
detected  in  even  one  of  the  fractions.  If  initially  the  mutant 
was  introduced,  and  the  second  time  - the  Initial  strain,  then 
tne  antibodies  to  the  initial  0-antigen  were  detected  mainly  in 
the  193-fraction  (65  units)  and  in  an  insignificant  measure  - in 
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A 


Gel  filtration  of  the  sera  of  the  rats, 
immunised  doubly  with  the  cell  walls 
of  the  initial  strain  No.  921  (A)  and 
mutant  921/3  (B). 

Vertical_lines  - activity  of  the  anti- 
bodies (A)  of  fractions,  1st  peak  - 

IgN,  2nd  peak  - IgG , 3rd  peak  - ; 

albumin;  E - optical  density  of  frac-  ■ 

tions  at  280  nm.  i 

{ 

the  7S-fraction  (7  units).  Antibodies 
to  G-antigen  921/3  were  exposed  in 
£ /}  lower  titers  than  antiDodies  to  the 

initial  0-antigen:  in  the  19S-fraction 

the  activity  of  antibodies  to  O-antigen 
921/3  comprised  19  units,  in  the  7S- 
fraction  - 1 unit.  In  the  immunization 
of  rats  with  cell  walls  of  the  corre- 
sponding strains  analogous  results 
were  obtained. 

In  experiments  on  mice  the  follow- 
Volume  of  eluate  (in  ini)  ing  scheme  is  used:  the  animals 

received  the  antigens  intravenously 
three  times,  the  interval  between  immunizations  was  15  days, 
period  of  obs ervaticn  - 31  days.  The  mice  of  one  series  were 
given  heated  vaccine  (1st  group),  the  live  culture  of  mutant 

a 

921/2  (2nd  group),  mutant  921/3  (3rd  group)  in  doses  of  3'  0 , 

8 8 

5*10  and  5*10  cells  for  each  immunization . In  the  other  series 
of  experiments  the  mice  were  immunized  with  the  cell  walls  of  the 
Initial  strain  (1st  group),  mutant  9-1/2  (2nd  group),  mutant  921/3 
(3rd  group)  in  doses  of  60,  100  and  100  yg  of  dry  weight  for  each 
immunization . 

Each  group  of  mice  consisted  of  50  animals.  The  experiment 
was  repeated  twice.  In  the  reaction  cf  passive  hemagglutination 
the  mixture  of  s?”a  from  3-10  animals  of  each  group  was 
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investigated.  For  fractionation  a mixture 
animals  of  one  group  was  used. 


■V  r* 

} i 


sera  from  15-20 
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Determination  of  the  activity  of  antibodies  in  19S- 
and  the  7S-fractions  of  the  sera  of  rats  and  mice, 
immunized  with  heated  vaccine  of  3.  enteritidis 
(strain  in  No.  921)  and  with  a live  culture  of 
mutant  921/3- 
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In  the  experiments  on  mice  the  qualitative  difference  in  the 
immune  response  in  respect  to  the  C-antigen  of  the  initial  strain 
and  the  0-antigcn  of  mutant  9-1/3  was  also  revealed.  Antibodies 
to  0-antigen  921/3  were  revealed  ir.  the  blood  of  mice  after  the 
first,  and  to  the  initial  antigen  - after  the  second  immunization. 
Antibodies  to  the  O-antigen  of  mutant  are  concentrated  mainly  in 
the  7S- fraction  of  serum,  antibodies  to  *'n  ’ n’  ‘i  ai  3-anti gen  - 

in  both  fractions,  but  predominantly  in  the  19  "--fraction , i.e., 
data  are  obtained  vn.ich  are  similar  to  the  results  of  experiments 
on  rats  (see  the  figure'1. 


In  experiment s :r  "ice  as  on  rats,  the  cress  immunization 
with  the  initial  strain  and  mo  cant  921/3  was  conducted  (see  the 
table).  During  ‘ho  first  immunization  the  Introduction  of  the 
initial  strain,  ar. : cVi*  ing  the  second  - mutant  92-  /3  stimulated  a 
weak  immune  response  t - O-antigen.  In  this  case  the  antibodies  to 
O-antigen  921/3  were  revealed  only  in  the  73-fraction.  Frimary 
immunization  with  mutant  and  secondary  with  the  initial  strain 
stimulated  intensive  antibody  formation.  In  this  case  the  anti- 
bodies to  the  initial  O-antigen  were  localized  predominantly  in 
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the  19S-fraction , and  antibodies  to  the  O-antigen  of  the  mutant  - 
in  the  7S-fraction.  The  activity  of  antibodies  to  O-antigen  921/3 
in  the  7S-fraction  of  the  serum  of  mice  was  significantly  higher 
than  in  the  analogous  fraction  of  the  serum  of  rats. 

It  should  be  noted  that  during  the  primary  immunization  of 
mice  antibodies  to  normal  O-antigen  were  not  detected  in  the 
reaction  of  passive  hemagglutination;  however,  after  preliminary 
sensitization  with  defective  O-antigen  921/3  the  primary  intro- 
duction of  normal  antigen  stimulated  the  synthesis  of  O-antibodies. 

During  the  immunization  of  mice  with  freshly  isolated  mutant 
921/2  or  its  cell  walls  the  dynamics  of  formation  of  O-antibodies 
was  almost  identical  to  the  dynamics  of  formation  of  O-antibodies 
after  immunization  with  the  initial  strain  or  its  cell  walls. 

The  study  wioh  the  help  of  the  test  of  passive  skin  anaphyl- 
axis was  conducted  only  with  the  lipopolysaccharide  of  mutant  921/3, 
since  the  response  to  the  introduction  of  the  O-antigen  of  this 
mutant  differed  most  strongly  from  the  response  to  the  O-antigen 
of  the  initial  strain.  In  the  experiments  hyperimmune  rabbit  sera 
were  used.  The  titer  of  serum  to  the  O-antigen  of  the  initial 
strain  was  equal  to  1:2560-1  .*5120,  to  defective  O-antigen  it  was 
equal  to  1:160-1:320.  The  results  of  the  determination  of  the 
skin  reaction  testified  that  the  defective  lipopolysaccharide 
turned  out  to  be  inactive,  and  the  lipopolysaccharide  of  the 
initial  strain  caused  in  pigs  in  response  to  the  introduction  of 
homologous  antigen  a distinct  skin  reaction:  in  dilution  of  1:2  - 

up  to  20^20  mm,  in  dilution  1:5  - 10x8  mm.  Thus,  with  the  loss 
of  the  sugars  of  determinant  groups  the  lipopolysaccharide  was 
deprived  of  the  capacity  to  cause  a skin  reaction  in  guinea  pigs. 

The  lipopolysaccharides  extracted  from  the  cells  of  the 
initial  strain  and  mutants  turned  out  to  be  toxic  for  mice  to  an 
equal  degree:  the  LDj-q  of  lipopolysaccharide  921/3  and  lipopoly- 

saccharide 921  was  equal  to  0.088  mg.  However,  in  skin  tests  on 
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guinea  pigs  a somewhat  higher  toxicity  of  lipopolysaccharide  of 

the  initial  strain  is  revealed  in  comparison  with  lipopolysaccharide 

921/3. 

On  the  basis  of  the  investigations  conducted  it  is  possible 
to  make  the  conclusion  that  the  mutation  in  a streptomycin- 
dependent  locus  of  Salmonella  leads  to  a more  or  less  expressed 
defect  in  the  synthesis  of  the  lipopolysaccharide  complex  of  the 
cell  wall,  i.e.,  O-antigen.  However,  in  freshly  isolated  mutants 
this  defect  is  less  significant  than  in  the  mutants  which  are 
stored  on  nutrient  medium  with  streptomycin  for  a long  time  (3 
years).  The  O-antigen  of  such  mutants  did  not  contain  the  sugars 
which  form  determinant  groups,  but  the  specificity  of  0- antigen 
did  not  disappear  completely,  and  in  the  nature  of  growth  of  the 
colonies  mutant  921/3  was  found  in  the  S-form.  The  immune  response 
in  respect  to  the  defective  O-antigen,  which  consists  basically 
of  base  structure,  differed  qualitatively  from  the  immune  response 
in  respect  to  normal  O-antigen  according  to  the  formation  of  IgM- 
and  IgG-antibodies . At  the  same  time  defective  lipopolysaccharide 
was  toxic  for  mice  to  the  same  degree  as  initial,  which  testified 
to  the  insignificant  role  of  the  polysaccharide  component  of  0- 
antigen  in  the  manifestation  of  its  toxicity. 

Freshly  isolated  mutant  921/2,  in  the  antigen  of  which, 
according  to  chi  omatography , the  end  sugar  tyvelose  was  absent, 
in  serological  and  immunogenic  activity  did  not  differ  from  the 
initial . 

According  to  the  data  of  Luderitz  et  al.  (1966),  tyvelose 
determines  the  specificity  of  the  factor  of  09-antigen.  However, 
despite  the  fact  that  in  O-antigen  °21/2  tyvelose  is  not  revealed, 
it  reacted  with  monoreceptor  09-serum.  In  connection  with  this 
two  assumptions  are  possible:  probably  the  factor  of  09-antigen 

is  determined  not  only  by  tyvelose,  but  also  by  another  sugar,  or 
in  the  lipopolysaccharide  of  mutant  921/2  there  is  a certain 
amount  of  tyvelose,  not  exposed  by  the  method  of  paper  chroma- 
tography, but  detected  by  serological  test. 
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Thus  the  full  or  significant  loss  of  end  sugar  (tyvelose)  was 
not  reflected  substantially  in  the  dynamics  of  formation  of  0- 
antibodies . 

Conclusions 

1.  During  the  immunization  of  mice  and  rats  with  Q-antigen 
of  the  streptomycin-dependent  mutant  921/3  of  S. enteritidis , the 
polysaccharide  component  of  which  consisted  basically  of  base 
structure,  in  animals  mainly  IgG-antibodies  were  synthesized, 
whereas  during  immunization  with  0-antigen  of  the  initial  strain 
predominantly  IgM-  and  in  an  insignificant  measure  IgG-antibodies 
were  synthesized. 

2.  The  dynamics  of  formation  of  antibodies  to  the  0-antigen 
of  freshly  isolated  streptomycin-dependent  mutant  921/2,  in  the 
polysaccharide  component  of  which  only  the  end  sugar  tyvelose  is 
not  revealed,  did  not  differ  from  the  dynamics  of  the  formation 
of  antibodies  to  normal  0-antigen. 

3.  Lipopolysaccharide  921/3,  which  did  not  contain  sugar  of 
the  determinant  groups,  was  not  active  in  the  reaction  of  passive 
skin  anaphylaxis  in  guinea  pigs. 

4.  The  licet  olyrnccharides  extracted  from  the  mutants  were 
toxic  for  mice  to  the  same  degree  as  the  lipopolysaccharides  of 
the  Initial  strain. 
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A study  was  made  of  the  formatic  a of  fg.M-  and  IgG-antibodies  in  rats  of  August  strain 
andof  mice  of  BALB/c  strain  immunized  witji  heated  vaccine  prepared  from  wild  strain  92!  S. 
enteritidis,  or  with  the  living  culture  of  streptomycin-dependent  mutant  or  the  correspon- 
dingcell walls.  It  was  revealed  that  in  immunization  with  O-antigenoi  the  921/3  mutant,  whose 
polysaccharide  component  consisted  chiefly  of  the  basis  structure,  k'G-antibocies  were  the 
ones  to  be  chiefly  synthesized,  and  alter  the  admm.mstration  oi  O-amUen  of  the  initial  stra- 
in — chiefly  Ig.M  - and  an  insignificant  amount  oi  I jG-antibcdies  were  synthesized. 

Dynamics  of  formation  of  IgM-  and  fgG-aittibodies  against  the  O-antigen  oi  the  freshly 
isolated  mutant  9212,  in  whose  polysaccharide  component  only  tyvelose  wa-  absent,  iail-d 
lo  differ  from  the  dynamics  of  antibody  formation  against  the  O-amLvn  of  the  wild  strain. 
Lipopolysaccharide  of  the  921/3  mutant  proved  to  be  inactive  in  the  passive  s-in  anaphyla- 
xis test  in  guinea  pigs.  Lipopolysaccharides  extracted  from  the  ceils  of  mutants  were  as  toxic 
for  mice  as  the  lipopolysaccnnride  oi  the  ir.itial  strain. 
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